AIm: AVM because of outstanding tendency toward bleeding, even though 20 times more rare then aneurysm on the blood vessels of the brain and her own specific anatomical structure even today represents big neurosurgical challenge. mAterIAl and methOds: Series which is shown here consists of 39 patients which were hospitalized in the institute for neurosurgery of the Clinical Center of Serbia in the period between 1995 and 2004. This group was exposed to symptomatic therapy or it was estimated that surgery, embolization and radio surgery. BulGulAr: Çoklu venöz drenajın tekrarlayıcı kanama gelişmesinde yüksek risk oluşturduğu (p<0.001) saptanmıştır. Çoklu arteriel besleyici bulunması ise çalma fenomenine yol açmaktadır (p<0.05). Hassas bölge yerleşimli ve boyutları 2.5 ile 5 cm arasında olan AVM'lerde eğer çoklu besleyici ve derin drenaj veni var ise, kanama riski artmaktadır (p<0.001).
Tasic G, et al: Natural Course of the Arteriovenous Malformations
ICH is the principal cause of morbidity and mortality, and the size of AVM, type of the venous drainage and raised blood pressure in supplying arteries are distinguished as the pathoanatomical predisposing factors for generating the bleeding from AVM (15, 22, 30) .
Comparative studies show that annual risk for occurrence of the bleeding from AVM of the brain is 2-4% annually and it is followed by death outcome in 10% of cases and neurological deficit in 50% of cases (7, 19, 21, 27, 31) .
Since AVMs of the brain do not have such a high risk of repeated hemorrhage as aneurysms and an average incidence of 0.14%, this makes possible elective approach when selecting the therapy option (surgery, embolization, radio surgery) (9, 18, 20, 31) .
MATERIAL and METHod
Our study includes a series of 39 patients with AVM of the brain who had not been submitted to any treatment method, except for the symptomatic therapy, and who were hospitalized and AVM diagnosed at the Institute for Neurosurgery Clinical Center of Serbia in the period from October 1995 until October 2004. Arteriovenous malformation diagnosis was definitely confirmed in all cases by way of cerebral panangiography (standard or digital substraction).
During the follow-up period the patients were not submitted to any alternative manner of causal treatment, such assurgery, embolization or radiotherapy. The patients from this series were not treated as it had been estimated that surgical procedure had a higher risk of postoperative invalidity than the natural course of the disease, or because the patient and his/her family refused treatment.
For the start follow-up time of the natural course of the disease was taken the moment when AVM was diagnosed in patients where the malformation clinically presented itself by hemorrhage.
The follow-up of the natural history of AVM was concluded at two terms: by definitely establishing the series and by starting the treatment of the same (for definitely untreated cases) and by the start term of the treatment (surgery, embolization, radiotherapy) for the patients who after the earlier foreseen follow-up period were submitted to one of the ways of causal treatment of AVM.
For representation and assessment of the clinical-anatomic AVM characteristics we used generally accepted system according to Spetzler Martin (SM index score) which means the assessment of the localization, AVM size and drainage type (superficial, deep, combined) as well as the final total value-grading (24) . Neurological status and working and life capability were ranged according to values systematized in Karnofsky index (12) . In order to test statistical significances and to check the hypotheses we used methods of descriptive and analytical statistics.
RESuLTS
As regards the sex in the structure of the investigated patients male patients prevailed 23:16 (58.97%: 41.03%), and as regards the age, younger persons were predominant, 22 (56.4%) were under the age of 30. Mean age of all examined patients was 27.4±7.6 years.
Variation interval for age ranged from 6-64 years. Until the conclusion of the series 37 or 94.9% of patients were followedup, and 2 or 5.1% of patients died.
The largest number of examined patients 21 or 53.8% were followed-up for longer than 36 months, i.e. over 3 years; 13-36 months 14 or 35.9% patients; and less then 12 months 4 or 10.3% of patients were followed-up. The average follow-up time of all patients was 57.2±8.7 months. The mean value of 32.0 months points to the length of the average three-year follow-up of all examined patients.
As shown in Table I , this group consists of 39 patients who had intracerebral hemorrhage (HIC) as initial sign in 22 cases or 56.4%, intraventricular (HIV) had 3 or 7.7% patients and combined type (HIC, HIV, SAH) had 5 or 12.8% of examined patients; subarahnoidal hemorrhage (SAH) as initial sign presented in 9 or 23.1% of examined patients. Having in mind the basic aims of our investigation, as well as our hypotheses, it was of essential interest to study the site and the significance of individual risk factors that cause the occurrence of repeated hemorrhages. In order to do that we analyzed two subgroups of patients: B1-1 with one hemorrhage, i.e. without repeated hemorrhages and B1-2 with two or more hemorrhages, i.e. with repeated hemorrhages. The largest number of investigated patients in both subgroups was followed-up for more than two years. The average follow-up length in subgroup B1-1 was 49.8±14.0 months, and in subgroup B1-2 it was 70.5±9.7 months, however that was not confirmed as statistically significant difference (p>0.05), see Table II .
At the average length of the follow-up time which was 4.8 years, new hemorrhages occurred in 24 or 61.5% patients, with 58 episodes and with the hemorrhage/year rate 28.5%. On the average in 3.5% annually a new hemorrhage occurred in relation to the total number of the investigated patients, without statistically significant difference in relation to sex. Prevalence of the new hemorrhage episodes in investigated patients who were longitudinally followed-up up to 24 months was 37.5%, from 25-48 months it was 61.5%, and in patients who were followed-up for 49 months and more it was 72.2%. Statistical analysis did not confirm this rising trend as statistically significant (X2=2.821; p>0.05), see Table III .
In both investigated patient subgroups the persons of male sex were dominant, however the participation of these investigated patients was somewhat greater in the subgroup with repeated hemorrhages (62.5%: 53.3%), in the subgroup with repeated hemorrhages slightly prevailed participation of younger people (58.3%: 53.3%).
Statistical testing did not define significant differences between the investigated subgroups as regards the distribution of findings of the investigated characteristics (p>0.05), Table IV .
On admittance Karnofsky index of 80 and more was more frequent in patients with repeated hemorrhages (25.0%: 6.7%), but without statistically significant difference (p>0.05). However, mean value of Karnofsky index was statistically significantly higher in investigated patients who had repeated hemorrhages (66.6±2.9; 56.0±3.7; p<0.035), Table V . Tasic G, et al: Natural Course of the Arteriovenous Malformations abnormal both anatomically and physiologically and they may be in connection with AVM in three forms: as terminal arteries -ending in AVM, transit arteries -passing through AVM and giving branches that participate in its irrigation and transient arteries -that only pass through the malformation not participating in its architecture (25, 26) . Analyzing AVM, Yasargil mentions the existence of 60 possible combinations of arterial supply blood vessels for each lesion (31) . The greatest decrease of the systemic pressure happens where the supply arteries pass into AVM, and as the certain indicator of the presence of 'steal' phenomenon is distinguished the length of arterial supply longer than 8 cm measured from the level of Wilis hexagon (16) . Obtained statistical values (p<00.1) that point to the location domination of the left hemisphere as the factor, which favors the occurrence of bleeding, has not been confirmed by literature and we think it occurred as a result.
Drainage veins have 6-10 times greater distensibility than supply arteries and they can contain blood volume three times greater than the arteries, and their compliance is 18-30 times greater then in arteries (4) . Obtained results confirmed the significance of the vein type of drainage from AVM as predisposing factor for the occurrence of bleeding. In patients with one bleeding during the follow-up statistically significant domineers the form of deep venous drainage, while in patients with repeated bleeding domineers the combined venous drainage (X2=7.764, p<0.02) with significant predomination of the combined drainage (p<0.5). Distribution of values of the Spetzler Martin index did not show statistically significant difference between the patients without and those with repeated hemorrhages, but the average number of annual hemorrhage episodes is considerably greater if the size of AVM is over 2.5 cm in diameter (p<0.01). Kader in the series of 449 patients find hemorrhage as initial symptom in AVMs smaller than 2.5 cm in 90% of cases, in lesions of 2.5-5 cm in 52% of cases, while in lesions larger than 5 cm in 50% of cases (11).
Spetzler-Martin grading system represents statistical confirmation that neurosurgeons and neuroradiologists have coordinated attitudes as regards the anatomical characteristics of AVM of the brain that would be predictors of the bad outcome for the patient if left to the natural course of the disease. However, this grading system has recently been submitted to criticism. Analyzing the series of 224 patients with AVM of the brain Rose points out that errors are present from subjective as well as objective reasons. Namely, as regards the size of the malformation neurosurgeons are more inclined to preoperatively assess diameter of malformation and the total value of SM score bigger than the neuroradiologists. The disagreement is also manifested in the assessment of the type of the drainage, especially in cases of malformation that has a small, deep drainage vein and a dominant, wide superficial vein (1) . It is also difficult to estimate the localization of AVM in border cases, i.e. in zones that are in the immediate vicinity of the so called eloquent zones -somatosensor and motor cortex, speech center, visual cortex, hypothalamus, thalamus, capsula interna, brain stem, cerebelar pedunculi and deep central nuclei (29) .
dISCuSSIon
Initial presentation by bleeding was recorded in 39 patients.
The average age of all investigated patients was 27.4±7.6 years. Prevalence of the new hemorrhage episodes in patients longitudinally followed-up up to 24 months was 37.5%, from 25-48 months 61.5% and in patients followed-up for 49 months and more 72.2% (X2=2.821; p>0.05), and the presence of associated systemic diseases had no influence on the increase of the tendency to bleeding. American and Swedish authors point to homogeneity of the results of the natural course of AVM of the brain regardless of the nationality (2,5).
Parkinson points out that initial presentation of AVM of the brain by hemorrhage occurs between 20 and 40 years of age, with a slight predominance of males, without increasing the incidence of bleeding due to associated systemic diseases, and that the risk from bleeding is constant in the course of the follow-up period, regardless of age (19) . During the cumulative follow-up period of 953 months for the patients . With this manner of presentation, 24 episodes of repeated bleeding were recorded, and that represents a cumulative risk of 3.33% per year. Namely, patients who once experience bleeding from an arteriovenous malformation are under constant risk of 3.33% annually to experience a repeated bleeding. The arrived at value is in accordance with results of Forster -3% and Martin and Spetzler 2-3% (5,23). Nusbaum cites that the risk from hemorrhage is identical both in AVM that presented with bleeding and in those that had no hemorrhage, and that risk amounts to 3-4% annually (17) .
After initial hemorrhage our patient population had significant neurological deficit that in 82% of cases was presented by the value of Karnofsky index less than 70, meaning that these patients could take care of themselves with effort or with significant assistance from another person but that deficit did not get worse until the end of the follow-up interval, regardless of the number of repeated hemorrhages. However, significant recovery was recorded in the group of patients who experienced more episodes of repeated bleeding. Statistical confirmation (p<0.035) that mean value of Karnofsky index is considerably higher in the group with repeated hemorrhages is in accordance with the results of Brown who presented a series of patients with AVM of the brain treated at the Mayo Clinic and stressed that an average of 12 months was needed for the recovery of the pyramidal deficit and cognitive functions, and that seemingly easy recovery may dissuade the patient from the proposed surgery (20) .
According to our results the predisposing factors for hemorrhage from AVM are: arterial supply from the vertebrobasilar confluence with absolute statistical confirmation (p<0.01), multiple arterial supplies from different arterial confluences (p<0.05) with a remark that statistically significantly higher hemorrhage rate is from the confluence of the anterior cerebral artery than from the confluence of the middle cerebral artery (p<0.01). The significance of supply arteries is specially stressed in literature, as the supply arteries are easily identified by arteriography (1). These arteries are
